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ABSTRACT
T h i s  s tu d y  t e s t s  B a r r a c l o u g h Ts model o f  t h e  fema le  r e p r o d u c t i v e  
sys tem o f  t h e  r a t .  I t  was h y p o th e s iz e d  t h a t  t h e  amygdala i s  t h e  m a jo r  
s t r u c t u r e  i n v o l v e d  in  t h e  h i g h e r  neu ra l  c o n t r o l  o f  t h e  sys tem.  B a r r a -  
c l o u g h f s model p o s t u l a t e s  t h a t  two  a reas  w i t h i n  the  hypo tha lamus con­
t r o l  r e p r o d u c t i o n . The a r c u a t e  n u c l e i  m a in t a i n  t o n i c  l e v e l s  o f  gonado­
t r o p h i n  th ro u g h  d i r e c t  commun ica t ion  w i t h  th e  p i t u i t a r y  by way o f  t h e  
hypophysea l  p o r t a l  sys tem.  The p r e o p t i c  area  i s  in v o lv e d  in  t h e  f i n e  
r e g u l a t i o n  o f  t h e  e s t r u s  c y c l e  and works th ro u g h  t h e  a r c u a te  n u c l e i .
F i f t y - f i v e  h u n d r e d - d a y - o ld  r a t s  were le s io n e d  a c c o rd in g  t o  g ro up .  
E i g h t  d i f f e r e n t  I e s io n - c o m b in a t i o n s  i n c l u d i n g  a l e s io n  and a n o - l e s i o n  
c o n d i t i o n  f o r  each s t r u c t u r e  ( a r c u a t e ,  p r e o p t i c ,  and amygdala) were 
used. An imals  were t e s t e d  f o r  e s t r u s  c y c l i n g ,  sexua l  r e c e p t i v i t y  and 
male sexua l  b e h a v io r  two weeks a f t e r  s u r g e r y .  Then t h e y  were pr imed w i t h  
fema le  hormones and r e t e s t e d  f o r  sexua l  r e c e p t i v i t y .  A t  s a c r i f i c e  th e  
o v a r i e s  and a d r e n a ls  were ta k e n  and t h e  r a t s  were p e r f u s e d .  T h e i r  b r a in s  
were tak en  f o r  h i s t o l o g i c  v e r i f i c a t i o n  o f  l e s i o n  l o c a t i o n  and e x t e n t  o f  
damage.
The r e s u l t s  o f  t h e  s tu d y  s u p p o r te d  B a r r a c I o u g h ’ s model .  Those a n i ­
mals  w i t h  l e s io n s  o f  t h e  a r c u a te  n u c l e i  a lone  o r  in any c o m b in a t io n  e x ­
p e r ie n c e d  a comple te  shutdown o f  t h e  r e p r o d u c t i v e  sys tem.  The s u b j e c t s  
w i t h  a b l a t i o n s  o f  t h e  p r e o p t i c  a rea  showed a c e s s a t i o n  o f  c y c l i n g  and 
r e c e p t i v i t y .  With  p r i m i n g ,  however ,  t h e y  recove red  f u l l  e s t r u s  b e h a v io r .  
T h i s  f i n d i n g  i s  c o n t r a r y  t o  t h e  w e ig h t  o f  e v id e n c e  in  th e  l i t e r a t u r e .
The am ygda lo id  l e s io n s  caused an in c re a s e  in  male sexua l  b e h a v io r ,  i r r e -  
g u l a r  e s t r u s  c y c l i n g  and i n t e r r u p t i o n  o f  sexua l  r e c e p t i v i t y .  P r im in g  
b r o u g h t  on f u l l  fem a le  sexua l  r e c e p t i v i t y .  T h is  f i n d i n g  s u p p o r t s  th e  
h y p o th e s is  t h a t  t h e  amygdala i s  t h e  h i g h e r  neu ra l  c o n t r o l  i n d i c a t e d  in 
B a r r a c ! o u g h Ts mode l.
INTERACTION OF PREOPTIC AND ARCUATE NUCLEI OF THE 
HYPOTHALAMUS AND THE MEDIAL AMYGDALA IN THE 
REPRODUCTIVE BEHAVIOR OF THE FEMALE RAT
INTRODUCTI ON
There  i s  a gene ra l  sequence o f  c h a r a c t e r i s t i c  p o s tu r e s  wh ich con­
s t i t u t e s  a sexua l  b e h a v io r  p a t t e r n  f o r  each s p e c ie s .  V a r i a t i o n s  o c c u r  
on t h i s  i d e a l i z e d  average s p e c ie s  sexua l  response ,  as i t  i s  n o t  an a u to ­
m a t i c  r e p e r t o i r e  lea rned  by t h e  animal and t r o t t e d  o u t  on demand, e x t e r ­
nal  o r  i n t e r n a I .
U n t i l  1951, when Beach sugges ted  t h a t  t h e  deve lopment  and o r g a n i z a ­
t i o n  o f  sexua l  b e h a v io r  be s t u d i e d ,  sexua l  b e h a v io r  was commonly c o n s i ­
dered i n s t i n c t i v e .  D r i v e  r e p la c e d  i n s t i n c t  in  t h e  minds o f  most psy ­
c h o l o g i s t s  d u r i n g  t h i s  p e r i o d .  However, d r i v e  adds l i t t l e  i n f o r m a t i o n  
abou t  t h e  n a tu re  o f  sexua l  b e h a v io r .  I t  says n o t h i n g  abou t  t h e  p ro c e s ­
ses in  t h e  c e n t r a !  nervous  sys tem ,  th e  plasma hormone l e v e l ,  t h e  e x t e r ­
nal  s t i m u l i  (m a te ) ,  e n v i r o n m e n t ,  o r  g e n e t i c  h i s t o r y  (P h o e n ix ,  Goy and 
Young, 1967).
NeuraI  Pi f f e r e n t i  a t ? on by GonadaI S t e r ?ods
In thos e  cases where th e  b e h a v io r  observed has been found t o  be 
dependent  on hormone s e c r e t i o n ,  g e n e r a l l y  fema le  hormones (e s t r o g e n  and 
p r o g e s te r o n e )  have been b e l i e v e d  t o  e l i c i t  fema le  b e h a v io r  and male h o r ­
mones (androgen)  t o  f a c i l i t a t e  t y p i c a l  male b e h a v io r .  Amount o f  c i r c u ­
l a t i n g  hormones have been seen as a m a jo r  f a c t o r  in  b e h a v io ra l  d i f f e r ­
ences between males and fe m a le s .  Young (1961) in  h i s  r e v ie w  p re s e n ts  
t h i s  p o s i t i o n ,  b u t  a l s o  e v id e n c e  i s  g i v e n  f o r  hom o ty p ic a l  b e h a v io r  e l i ­
c i t a t i o n  by h e t e r o t y p i c a I  hormones and v i c e - v e r s a .  The b a s i c  p rob lem 
i s  t h a t  t h e r e  i s  p r o b a b ly  a c o m p l i c a te d  i n t e r a c t i o n  between neu ra l
2
s t r u c t u r e s ,  t a r g e t  o rg a n s ,  c i r c u l a t i n g  hormones and e x t e r n a l  s t i m u l i .
In mammals t h e  e l i c i t a t i o n  o f  fema le  b e h a v io r  in  males i s  much more d i f ­
f i c u l t  than  e l i c i t a t i o n  o f  male b e h a v io r  i n  f e m a le s .  N e v e r t h e le s s ,  t h e  
neu ra l  mechanisms necessary  f o r  b e h a v io r  t y p i c a l  o f  both  sexes a re  p r e ­
s e n t  in  bo th  and can be t r i g g e r e d  by androgen as w e l l  as e s t r o g e n .
However,  a " b r a i n  b i a s "  i s  necessary  t o  e x p l a i n  t h e  asymmetr ies  o f  
a c t i o n  between t h e  two hormones ( M a r t i n e z - V a r g a s , 1970).  T h is  b ia s  o f  
t h e  neu ra l  s u b s t r a t e  d e te rm in e s  th e  b a s i c  b e h a v io r a l  o u t p u t  and hormone 
s e n s i t i v i t y  in  t h e  i n d i v i d u a I . T h i s  b ia s  has been shown t o  be e s t a b ­
l i s h e d  by t h e  a c t i o n  o f  androgen in  e a r l y  deve lopm en t .  P f e i f f e r  (1936) 
i s  u s u a l l y  c r e d i t e d  w i t h  do ing  t h e  f i r s t  m a jo r  s tu d y  on th e  s p e c i f i c  
e f f e c t s  o f  sex  hormones in  t h e  d e v e lo p in g  r a t .  He observed t h a t  t r a n s ­
p l a n t a t i o n  o f  t e s t i c u l a r  t i s s u e  i n t o  new-born fema le  r a t s  r e s u l t e d  in  
t h e  loss  o f  t h e  e s t r o u s  c y c l e  when a d u l t .  C a s t r a t i o n  o f  a new-born male 
r a t  e i t h e r  a lone  o r  a lo n g  w i t h  o v a r i  an t r a n s p  I a n t  r e s u l t e d  in a c y c l i c  
r e le a s e  o f  g o n a d o t ro p h in  in  a d u l t h o o d ,  ev idenced  by t h e  rh y th m ic  deve lop  
ment o f  f o l l i c l e s ,  o v u l a t i o n  and f o r m a t i o n  o f  c o rp o ra  Iu te a  in  t h e  o v a r i  
an t r a n s p l a n t s .  He conc luded  t h a t  neonate  r a t s  posses an u n d i f f e r e n t i a ­
t e d  mechanism f o r  r e g u l a t i o n  o f  g o n a d o t ro p h in  s e c r e t i o n .  Under normal 
c o n d i t i o n s  t h i s  mechanism becomes d i f f e r e n t i a t e d  in  immature males in  
such a way as t o  m ed ia te  a c y c l i c  g o n a d o t ro p h in  r e le a s e .  In t h e  fema le  
t h e  mechanism remains c y c l i c  and becomes f i x e d  by th e  t e n t h  day o f  l i f e .  
P f e i f f e r  b e l i e v e d  t h e  a n t e r i o r  p i t u i t a r y  t o  be th e  ana tom ica l  s e a t  o f  
t h i s  d i f f e r e n t i a t e d  mechanism.
H a r r i s  and Jacobsohn (1952) dem ons t ra ted  t h a t  th e  p i t u i t a r y  does 
n o t  undergo d i f f e r e n t i a t i o n  in  t h e  neona ta l  r a t .  They t r a n s p l a n t e d  an­
t e r i o r  p i t u i t a r y  t i s s u e  f rom males t o  hypophysec tom ized fema les and
found t h a t  i t  m a in ta in e d  f u l l  fema le  r e p r o d u c t i v e  f u n c t i o n  when p laced  
under  t h e  hypo tha lam us .  M a r t i n e z  and B i t t n e r  (1956) c o n f i r m e d  t h i s  ob­
s e r v a t i o n  in  m ice .  Some o t h e r  c e n t r a l  neu ra l  s t r u c t u r e  had t o  be respon­
s i b l e  f o r  r e g u l a t i o n  o f  t h e  p i t u i t a r y  s e c r e t i o n .  B e g in n in g  w i t h  Hohlweg 
and Junkmann ( c i t e d  in H a r r i s ,  1964) e v idence  has s t e a d i l y  accumula ted  
t h a t  t h e  hypo tha lamus i s  t h e  a c t i v e  i n t e r m e d i a r y  between th e  gonads and 
t h e  a n t e r i o r  p i t u i t a r y  by means o f  humoral  t r a n s m i t t e r  agen ts  c a r r i e d  
th ro u g h  t h e  hypophysea l  p o r t a l  sys tem from th e  median eminence o f  th e  
t u b e r  c ine reum  ( H a r r i s ,  1955) .
P h oen ix ,  Goy, G e r a l l  and Young (1959) found t h a t  fema le  gu inea  p ig s  
and ro gen ized  p r e n a t a l l y  d i d  n o t  d i s p l a y  l o r d o s i s  when pr imed w i t h  e s t r o ­
gen and p ro g e s te ro n e  in  a d u l t h o o d .  Ins tead  thes e  fem a les  responded w i th  
a s i g n i f i c a n t  in c re a s e  in  d i s p l a y  o f  male sexua l  b e h a v io r .  The a u th o r s  
h y p o th e s iz e d  t h a t  th e  deve lopment  o f  t h e  gu inea  p i g  b r a i n  i s  i n f l u e n c e d  
by gonadal  s t e r i o d s  d u r i n g  th e  p r e n a t a l  p e r i o d ,  and t h a t  t h i s  i n f l u e n c e  
causes t h e  d i f f e r e n t i a t i o n  t h a t  g i v e s  r i s e  t o  male o r  fema le  b e h a v io r  in 
a d u l t h o o d .  Mammalian embryos p ro g re s s  f rom a s tage  in  wh ich th e y  pos­
sess t h e  p o t e n t i a l  t o  deve lop  in  a male o r  fem a le  d i r e c t i o n  t o  a s tage  
in  wh ich th e y  a re  m o r p h o l o g i c a l l y  and n e u r o e n d o c r i n a I l y  d i f f e r e n t i a t e d  
t h ro u g h  t h e  a c t i o n  o f  chromosomaI Iy de te rm ined  s t e r i o d s  s e c r e te d  by th e  
em bryon ic  gonads (B u rn s ,  1961) .  Phoen ix ,  Goy, G e r a l l  and Young (1959) 
deve loped  a model t o  e x p l a i n  t h e  d i f f e r e n t i a t i o n  o f  sexua l  b e h a v io r  in  
mammals. They h y p o th e s iz e d  t h a t  i f  t h e  u n d i f f e r e n t i a t e d  s t e r i o d  s e n s i ­
t i v e  s t r u c t u r e s  a re  exposed t o  and rogens ,  fema le  b e h a v io r  w i l l  be sup­
p ressed  w h i l e  male b e h a v io r  w i l l  be f a c i l i t a t e d .  I f  androgens a re  n o t  
c i r c u l a t i n g  in  t h e  b lood  d u r i n g  t h e  c r i t i c a l  p e r i o d ,  th^ese s t r u c t u r e s  
w i l l  d i f f e r e n t i a t e  in  a fema le  f a s h i o n .  T h i s  d i f f e r e n t i a t i o n  i s  seen
5as f u n c t i o n a l  (n e u ra l  t h r e s h o l d s  f o r  b e h a v io r  e l i c i t a t i o n  a re  m o d i f i e d ) ,  
n o t  s t r u c t u r a l .
FemaIe SexuaI Behavi o r
The a d u l t  female  s u b p r im a te  mammal seldom d i s p l a y s  t h e  t y p i c a l  spe­
c i e s  p a t t e r n  o f  sexua l  b e h a v io r  w i t h o u t  gonadal  hormone s t i m u l a t i o n .  In 
t h e  fema le  r a t  e s t r u s  i s  dependent on e s t ro g e n  and p r o g e s te r o n e .  The 
s p e c i f i c  p o s tu r e  adopted by t h e  fema le  r a t  i s  c a l l e d  l o r d o s i s — a s tance  
t h a t  f a c i l i t a t e s  m o un t in g ,  i n t r o m i s s i o n  and e j a c u l a t i o n  by t h e  male .
The b e h a v io r a l  c o n d i t i o n  o f  sexua l  r e c e p t i v i t y ,  l o r d o s i s  b e h a v io r  when 
p re s e n te d  w i t h  an a c t i v e  m a le ,  i s  t h e  most d r a m a t i c  b e h a v io r a l  m a n i f e s ­
t a t i o n  o f  e s t r u s  a l th o u g h  t h e r e  a re  o t h e r s :  in c re a s e  in  a c t i v i t y  wheel
ru n n in g  r a t e ,  a c t i v i t y  r a t e  in  open f i e l d ,  and c o r n i f i c a t i o n  o f  v a g in a .  
B a r r a c l o u q h 1s Mode I o f  t h e  Reproduct? ve System
B a r ra c lo u g h  (1967) has proposed t h e  most d e t a i l e d  model o f  th e  
n e u ro e n d r o c r in e  c h a r a c t e r i s t i c s  o f  t h e  r e p r o d u c t i v e  sys tem.  H is  model 
i s  p re s e n te d  in  F ig u re  1. He proposed t h a t  th e  hypo tha lamus e x e r t s  a 
dual c o n t r o l  o v e r  r e le a s e  o f  adenohypophyseaI g o n a d o t ro p h in  in  t h e  f e ­
male .  The more b a s i c  o f  t h e  two is  t h e  t o n i c  r e le a s e  o f  g o n a d o t ro p h in  
wh ich  m a in t a i n s  normal e s t r o g e n  p r o d u c t i o n  b u t  which cann o t  i n i t i a t e  
t h e  su rge  o f  g o n a d o t ro p h in  necessary  f o r  o v u l a t i o n .  B a r ra c lo u g h  p la c e s  
t h e  s e a t  o f  t h i s  c o n t r o l  in  t h e  a r c u a t e - v e n t r o m e d ia  I n u c l e a r  r e g io n  o f  
t h e  hy po tha lam us .  I f  t h i s  a rea  i s  d e s t r o y e d ,  o v a r i a n  a t r o p h y ,  c e s s a t i o n  
o f  e s t r o g e n  p r o d u c t i o n ,  and a n e s t ru s  o c c u rs  (Flerko and Ba rdos ,  1959, 
c i t e d  in  B a r r a c lo u g h ,  1967) .
The h i g h e r  c o n t r o l  i n v o l v e d  in  t h e  fema le  r e p r o d u c t i v e  c y c l e  i s  t h e  
c y c l i c ,  t h o u g h t  by B a r ra c lo u g h  t o  r e s i d e  in  t h e  p r e o p t i c  area  o f  t h e  



























7a c t i o n  in  t h e  hypo tha lamus o f  t h e  p r e o p t i c  and a r c u a te  n u c l e i .  The p r e ­
o p t i c  area  r e a c t s  t o  p r o p e r  e n v i ro n m e n ta I  and hormonal c i r c u m s ta n c e s  by 
a c t i v a t i n g  t h e  a r c u a te  r e g io n s ,  c a u s in g  an o v u l a t o r y  su rge  o f  gonado­
t r o p h i n ,  l u t e i n i z i n g  hormone (LH ) ,  f rom  th e  p i t u i t a r y .  I f  t h e  h i g h e r  
c o n t r o l  o f  t h e  p r e o p t i c  a rea  is  n o t  p r e s e n t  th e  a r c u a t e  area s t i l l  
works t o  p roduce  g o n a d o t ro p h in  f rom  th e  p i t u i t a r y ,  b u t  t h e  surge does 
n o t  o c c u r  l e a v in g  t h e  fema le  s e x u a l l y  i n a c t i v e  bo th  p h y s i o l o g i c a l l y  and 
b e h a v i o r a l l y .
I f  t h e  neona ta l  fema le  r a t  i s  g i v e n  androgen b e fo r e  t e n  days o f  
age, t h e  u n d i f f e r e n t i a t e d  p r e o p t i c  a rea  w i l l  become r e f r a c t o r y  t o  endo­
genous s t i m u l a t i o n .  The t o n i c  t y p e  o f  g o n a d o t ro p h in  s e c r e t i o n  c o n t r o l  
w i l l  s u r v i v e  as in  m a les .  E i t h e r  endogenous androgen f rom  th e  t e s t i s  
o r  exogenous i n j e c t i o n  a re  adequate in  i m p r i n t i n g  th e  male p a t t e r n  o f  
c o n t r o l  on t h e  p r e o p t i c  a re a .  The g r e a t e r  t h e  amount o f  and rogen ,  t h e  
more r e f r a c t o r y  t h e  p r e o p t i c  area  becomes (B a r ra c lo u g h  and G o r s k i , 1961;
G orsk i  and B a r r a c lo u g h ,  1963) .  T o n ic  c o n t r o l  i s  adequate t o  m a in t a i n  
normal male sexua l  f u n c t i o n  and b e h a v io r ,  b u t  does n o t  a l l o w  th e  fema le  
t o  come i n t o  e s t r u s .  However,  t h e  o v a r i e s  s t i l l  a re  capa b le  o f  o v u l a t ­
ing  when g i v e n  exogenous LH a n d / o r  a f t e r  t h e  e l e c t r i c a l  s t i m u l a t i o n  o f  
t h e  a r c u a t e  r e g io n  c a u s in g  LH r e l e a s e .
A neuro-hormonaI  feedback  mechanism i s  g e n e r a l l y  accep ted  in  th e  
m a in tenance  o f  t h e  fem a le  c y c l e .  The a n t e r i o r  h y p o th a la m ic  ( a r c u a te  
n u c l e i )  mechanism f o r  t h e  c o n t r o l  o f  f o l l i c l e - s t i m u l a t i n g  hormone (FSH) 
causes t h e  p i t u i t a r y  t o  r e le a s e  i n c r e a s in g  amounts o f  FSH a long  w i t h  
m in ima l LH as a r e s u l t  o f  t h e  low sex  s t e r i o d  le v e l  in  t h e  b lood  d u r in g
d i e s t r o u s .  The immature o v a r i a n  f o l l i c l e s  beg in  t o  s e c r e t e  more and
i
more e s t r o g e n ,  which in  s y n e rg is m  w i t h  p r o g e s t e r o n e , b r i n g s  abou t  t h e
b e h a v io r a l  and p h y s i c a l  changes c h a r a c t e r i s t i c  o f  e s t r u s .  The s e c r e t i o n  
o f  p ro g e s te r o n e  by f o l l i c u l a r  t i s s u e  beg ins  d u r i n g  p r o e s t r u s  and d i m i n i ­
shes a f t e r  o v u l a t i o n .  The in c rea sed  sex  s t e r i o d  le v e l  o f  t h e  b lood  
sensed in  th e  a r c u a t e  n u c l e i  ( t h e  FSH c o n t r o l  c e n t e r )  beg ins  t o  i n h i b i t  
t h e  r e le a s e  o f  FSH by t h e  adenohypophys is  a t  a c r i t i c a l  l e v e l .  The r e ­
lease o f  LH i s  f a c i l i t a t e d  a t  t h e  same t im e  (Pathways a re  n o t  k n o w n . ) ,  
and a s u rge  o f  LH, wh ich i s  s t o r e d  in  t h e  a n t e r i o r  p i t u i t a r y ,  causes 
o v u l a t i o n .  F u r t h e r  r e le a s e  o f  FSH and LH a f t e r  o v u l a t i o n  i s  p r o b a b ly  
i n h i b i t e d  t h ro u g h  a n e g a t i v e  feedback  sys tem p o s t u l a t e d  by Sawyer and 
Kawakami ( 1 9 6 1 ) .
A l s o ,  B a r ra c lo u g h  p o s t u l a t e s  " h i g h e r  neu ra l  c o n t r o l "  l e a d in g  i n t o  
t h e  p r e o p t i c  a re a .  A l th ough  he leaves t h e  q u e s t i o n  open,  t h e r e  i s  some 
e v id e n c e  t h a t  t h e  amygdala d i r e c t l y  i n f l u e n c e s  r e p r o d u c t i v e  b e h a v io r  
( F l e r k o ,  1967; Kawakami, e t  a I ♦, 1966; K r e j c i  and C r i t c h l o w ,  1959; Yama- 
da and G re e r ,  1960) .  The most r e c e n t  e v idenc e  s u p p o r t i n g  t h i s  idea has 
come f rom a u t o r a d i o g r a p h i c  s t u d i e s  (Green,  e t  a I . ,  1969; P f a f f ,  1968; 
S tempf ,  1968; Zigmond and McEven, 1970) .
A n t e r i o r  HypothaIamus and SexuaI B e h a v io r
There  i s  ge n e ra l  agreement  t h a t  two sexua l  b e h a v io r  c o n t r o l  c e n t e r s  
do e x i s t  in  t h e  hypo tha lam us .  A l s o ,  most i n v e s t i g a t i o n s  r e p o r t  t h a t  t h e  
c e n t e r  wh ich m a in t a i n s  t o n i c  g o n a d o t ro p h in  r e le a s e  r e s id e s  in  t h e  median 
eminence and t h a t  t h e  c o n t r o l  c e n t e r  r e s p o n s ib l e  f o r  t h e  c y c l i c  o r  go­
n a d o t r o p h in  s u rge  l i e s  in  t h e  a n t e r i o r  hypo tha lam us .  However, t h a t  i s  
where agreement ends .  The re  i s  a la rg e  l i t e r a t u r e  d e s c r i b i n g  many d i f ­
f e r e n t  syndromes in  t h e  fema le  r a t  r e s u l t i n g  f rom  a n t e r i o r  h y p o th a la m ic  
l e s i o n s .  F i s h e r ,  e t  a I . ,  (1938)  found t h a t  c a t s  no lo n g e r  a re  s e x u a l l y
re s p o n s iv e  a f t e r  a n t e r i o r  h y p o th a la m ic  le s io n s  in  t h e  s u p r a - o p t i c  n u c l e i .
9C l a r k  (1942) observed  la c k  o f  sexua l  a c t i v i t y  in  r a t s  f o l l o w i n g  a n t e r i o r  
h y p o th a la m ic  l e s i o n s .  A n t e r i o r  h y p o th a la m ic  le s io n s  in  gu inea  p ig s  
caused a c e s s a t i o n  o f  m a t ing  t h a t  c o u ld  n o t  be re v e rs e d  by exogenous 
hormones ( B r o o k h a r t ,  e t  a I . ,  1940; Dey, e t  a I . ,  1942) .
More r e c e n t l y  Sawyer and Robison (1 9 5 6 ) ,  u s ing  more r e f i n e d  t e c h ­
n i q u e s ,  showed t h a t  t h e  fema le  c a t  remained in  permanent  a n e s t r u s  a f t e r  
l e s io n s  in  t h e  a n t e r i o r  hypo tha lamus r o s t a l  t o  t h e  v e n t ro m e d ia l  n u c l e i  
and w i t h i n  t h e  f o r e b r a i n  b u n d le .  Even though exogenous hormones were 
i n e f f e c t i v e  in  b r i n g i n g  t h e  fema le  i n t o  h e a t ,  e l e c t r i c a l  s t i m u l a t i o n  o f  
t h e  v e n t ro m e d ia l  nuc leus  caused o v u l a t i o n .  Cats l e s io n e d  o n l y  in  t h e  
v e n t ro m e d ia l  n u c le u s ,  p rem am m i I la ry  r e g i o n ,  o r  m am m i l la ry  bod ies  c o u ld  
be p r im ed  w i t h  exogenous hormones.
A n o th e r  syndrome in  t h e  fema le  caused by le s io n s  o f  t h e  more r o s ­
t r a l  a rea  in  t h e  a n t e r i o r  hypo tha lamus i s  c o n s t a n t  v a g in a l  e s t r u s  w i t h  
p o l y f o l I i c u I a r  o v a r i e s .  Dey f i r s t  d e s c r ib e d  t h i s  c o n d i t i o n  in  1940 in  
gu inea  p i g s .  The s i m i l a r i t y  between thes e  a n im a ls  and a n im a ls  s u b je c te d  
t o  c h r o n i c  exogenous e s t ro g e n  was so g r e a t  ( c o n s t a n t l y  open v a g in a e ,  
v e r y  l a rg e  u t e r i ,  h y p e r p l a s i a  o f  t h e  e n d o m e t r ia l  g l a n d s ,  la rge  o v a r i a n  
f o l l i c l e s ,  b u t  no c o rp o r a  l u t e a )  t h a t  Dey sugges ted  c o n t in u o u s  s e c r e t i o n  
o f  e s t r o g e n s  b r o u g h t  abou t  by th e  l e s io n s  caused t h e  c o n d i t i o n .  These 
r e s u l t s  have been c o n f i rm e d  r e p e a te d l y  ( A l l o i t e a s ,  1954; C o rk ,  1959;
Df Ange lo  and K r a v a t z ,  1960; Fierko, 1954; G re e r ,  1953; Van Dyke, e t  a I . ,
1957) ,  b u t  t h e r e  is  l i t t l e  agreement as t o  j u s t  how th e  le s io n s  cause 
c o n t in u o u s  e s t ro g e n  p r o d u c t i o n  and ev idence  o f  e l e v a t i o n  in  le ve l  o f  e s ­
t r o g e n  in  t h e  b lood  i s  ambiguous. The a n t e r i o r  hypo tha lamus is  hyp o th e ­
s i z e d  t o  c o n t a i n  t h e  c e n t e r  c o n t r o l l i n g  th e  s e c r e t i o n  o f  LH. D e s t r u c t i o n  
o f  t h i s  c e n t e r  s hou ld  cause t h e  c o n s t a n t  r e le a s e  o f  e s t r o g e n .  Greer
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(1953)  found t h a t  r a t s  w f t h  a n t e r i o r  h y p o th a la m ic  l e s i o n s  resume normal 
c y c l i c  a c t i v i t y  when i n j e c t e d  w i t h  0 .5  mg p ro g e s te ro n e  d a i l y .  Pseudo- 
pregnancy  c o u ld  be in duc ed ,  and c o rp o ra  I u te a  deve lop ed .  Van Dyke (1957) 
c o u ld  n o t  p roduce  c o rp o ra  l u t e a  a l th o u g h  b e h a v i o r a l l y  c o n s t a n t  e s t r u s  
was i n t e r r u p t e d .  He was a b le  t o  f i n d  f u n c t i o n a l  c o rp o ra  l u t e a  a f t e r  i n ­
j e c t i o n  o f  LH. These f i n d i n g s  tend  t o  s u p p o r t  th e  c o n s t a n t  e s t r o g e n  
t h e o r y .
P ro longed  d i e s t r u s  w i t h  h y p e r  I u t e i n i z e d  o v a r i e s  has been observed  
by Flerko and Bardos (1960) in  fem a le  r a t s  w i t h  l e s io n s  in  t h e  pa rave n ­
t r i c u l a r  and dorsom ed ia l  n u c l e i  o f  t h e  a n t e r i o r  hypo tha lam us .  These 
a n im a ls  had s i g n i f i c a n t l y  more and l a r g e r  c o rp o ra  l u t e a  than  d id  i n t a c t  
fe m a le s .  Flerko (1968) sugges ted  t h a t  thes e  a n im a ls  d i s p la y e d  t h i s  syn ­
drome as a r e s u l t  o f  c o n t in u o u s  a c t i o n  o f  p r o g e s te r o n e .  One o f  t h e  
m a jo r  p rob lems in  e v a l u a t i o n  and compar ison o f  s t u d i e s  u s in g  neu ra l  
a b l a t i o n  and s t i m u l a t i o n  i s  t h e  la c k  o f  r e p o r t i n g  o f  a c c u r a t e  s t e r e o ­
t a x i c  c o o r d i n a t e s  and p r e c i s e  h i s t o l o g i c a l  r e s u l t s .  T h is  s i t u a t i o n  has 
improved in  th e  l a s t  few y e a rs  th ro u g h  more gene ra l  use o f  t h e  b r a i n  
a t  I as .
In h i s  rev iew  o f  t h e  l i t e r a t u r e  on h y p o th a la m ic  c o n t r o l  o f  gonado­
t r o p h i n  r e l e a s e ,  Flerko (1968) p re s e n ts  h i s  v iew  o f  FSH c o n t r o l  by th e  
a n t e r i o r  hypo tha lam us .  A b l a t i o n  does n o t  cause an in c re a s e  in  o u t p u t  
o f  FSH, b u t  r a t h e r  a c o n t in u o u s  s u p p l y .  In o r d e r  f o r  o v u l a t i o n  t o  o c c u r  
t h e r e  must be v a r i a t i o n  in  o u t p u t .  In t h e  normal an imal t h e  FSH le v e l  
o f  t h e  p i t u i t a r y  i s  a t  i t s  maximum d u r i n g  d i e s t r u s ,  w i t h  a r a p i d  i n c re a s e  
in  e s t r o g e n  p r o d u c t i o n  d u r i n g  p r o e s t r u s  and e s t r u s ;  t h e  FSH r e le a s e  f a l l s  
t o  a v e ry  low le v e l  w h i l e  t h e  o u t p u t  o f  LH reaches i t s  peak.  The f a l l  in 
b lo o d  le v e l  o f  FSH j u s t  p r i o r  t o  o v u l a t i o n  i s  e s s e n t i a l  i n  the  normal
c y c l e .  Flerko (1968) assumed t h a t  th e  a rea  damaged 6y a n t e r i o r  hyp o th a ­
lam ic  l e s io n s  was i n v o lv e d  in  t h e  f i n e  r e g u l a t i o n  o f  FSH re le a s e  governed 
by t h e  b lood  le v e l  o f  e s t r o g e n ,  n o t  in  i t s  s im p le  i n h i b i t i o n .
A l th ough  most  o f  t h e  a b l a t i o n  s t u d i e s  have been done on more pos­
t e r i o r  p o r t i o n s  o f  t h e  a n t e r i o r  hy po tha lam us ,  t h o s e  t h a t  have been c a r ­
r i e d  o u t  on t h e  p r e o p t i c  area appear  t o  be more c o n s i s t e n t  as t o  beha­
v i o r a l  r e s u l t s .  Hi I l a y s ,  et_ a}_., (1954)  fo u n d ,  as have Goy and Phoen ix
( 1 9 6 3 ) ,  and Law and Meagher ( 1 9 5 8 ) ,  t h a t  fema le  r a t s  do no t  d i s p l a y  be­
h a v i o r a l  e s t r u s  a f t e r  p r e o p t i c  a b l a t i o n  even i f  exogenous hormones a re  
g i v e n .  Hi I la ys  (1954) observed  t h a t  tw e n ty  t o  t h i r t y  m inu tes  a f t e r  r e ­
co v e ry  f rom  a n e s th e s ia  bo th  males and fema les  h a v in g  b i l a t e r a l  p r e o p t i c  
l e s io n s  d i s p la y e d  m a le - t y p e  c o p u l a t o r y  b e h a v io r .  L i s k  (1967) repea ted  
t h e  Hi I lays  e x p e r im e n t  and a l s o  found male-1 ik e  moun t ing  b e h a v io r  upon 
re c o v e ry  f rom  a n e s th e s ia .  S in g e r  (1968)  t e s t e d  fema le  r a t s  f o r  male and 
fem a le  sexua l  b e h a v io r  under  s t i m u l a t i o n  o f  t h e  a p p r o p r i a t e  hormones 
b e fo r e  and a f t e r  b i l a t e r a l  h y p o th a la m ic  le s io n s  in  th e  p r e o p t i c  a re a .  
M a l e - l i k e  b e h a v io r  was suppressed  w h i l e  female  sexua l  b e h a v io r  was un­
a f f e c t e d .  However,  t h i s  la c k  o f  change In  fema les  appears  t o  be in  op­
p o s i t i o n  t o  t h e  w e ig h t  o f  e v id e n c e .  Ha lasz  and Gorsk i  (1967) obse rved  
t h a t  fema le  r a t s  w i t h  t h e  c o n n e c t i o n s  severed  between the  p r e o p t i c  area  
and t h e  a r c u a t e  n u c l e i  do n o t  o v u l a t e .
A rc u a te  N u c Ie ? and SexuaI B e h a v io r
When c o n s i d e r i n g  t h e  I i t e r a t u r e  c o n c e rn in g  th e  r o l e  o f  t h e  a r c u a t e  
n u c l e i  in  t h e  r e p r o d u c t i v e  c y c l e  o f  t h e  fem a le  r a t  the  same prob lem  o f  
tack  o f  c o n s i s t e n c y  r e c u r s ,  aga in  p r o b a b ly  as a r e s u l t  o f  la ck  o f  p r e ­
c i s i o n .  The a r c u a te  n u c l e i  a re  a p a r t  o f  th e  median eminence.  Les ions  
o f  t h e  median eminence cause a n e s t r u s  w i t h  o v a r i a n  and u t e r i n e  a t r o p h y
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in  t h e  gu inea  p i g  ( Dey, et_ a j_ . , 1940, 1941 and 1943) ,  in  t h e  r a t  (C o rk ,
1959; DTAn ge lo ,  1959; Flerko and Ba rdos ,  1959) ,  in  th e  c a t  (Laqu eu r ,  e t  
a I . ,  1955) and in  t h e  r a b b i t  (F lerko,  1953).  T a l e i s n i k  and McCann 
C1961) h y p o th e s iz e d  t h a t  t h i s  gonadal  a t ro p h y  was caused by damage t o  
t h e  n e u ra l  and v a s c u l a r  c o n n e c t i o n s  between t h e  hypo tha lamus and t h e  
p i t u i t a r y .  LH c o n t e n t  i n  t h e  p i t u i t a r i e s  o f  fema le  r a t s  a f t e r  median 
eminence le s io n s  was o n l y  15$ o f  no rm a l .  T h i s  i s  p a r t i c u l a r l y  s u r p r i s -  
i ng in  those  fema les  t h a t  were c a s t r a t e d ,  because u n le s io n e d  c a s t r a t e d  
fem a les  e x p e r i e n c e d  a d r a s t i c  r i s e  in  p i t u i t a r y  LH c o n t e n t .  Flerko and 
Tima (1967)  a l s o  showed t h a t  median eminence l e s io n s  cause a com p le te  
c e s s a t i o n  o f  FSH and LH p r o d u c t i o n  and t h e r e f o r e  t o t a l  gonadal  a t r o p h y .
Gonadal a t r o p h y  a f t e r  median eminence l e s i o n i n g  a p p a r e n t l y  i s  caused 
by s p e c i f i c  hormonal i n f l u e n c e  e x e r t e d  by th e  hypo tha lamus on th e  a n t e ­
r i o r  p i t u i t a r y  (C a m b e l l ,  e t  a I . ,  1961; Evans and N i k i t o v i t c h - W i n e r , 1965; 
H a r r i s  and Jacobsohn,  1950; N i k i t o v i t c h - W i n e r  and E v e r e t t ,  1957; N i k i t o -  
v i t c h - W i n e r ,  et_ a j_ . , 1966) .  Fferko and Mess (1967)  p o s t u l a t e  t h a t  th e  
a r c u a te  nuc leus  o f  t h e  median eminence c o r responds  t o  t h e  c e n t e r  o f  th e  
h y p o p h y s e o t r o p h i c  a rea  wh ich  i s  necessary  in t h e  p r o d u c t i o n  and re le a s e  
o f  a s u f f i c i e n t  amount o f  FSH and LH t o  m a in t a i n  t h e  hormonal f u n c t i o n  o f  
t h e  o v a r y .  The a r c u a t e  n u c l e i  i s  t h e  area in  t h e  hypo tha lamus where t h e  
neurohumora l  t r o p h i c  a g e n t  i s  s y n t h e s i z e d .  T h i s  ag e n t  moves f rom  th e  
a r c u a t e  n u c l e i  i n t o  t h e  c a p i l l a r y  loops and on t o  t h e  a n t e r i o r  p i t u i t a r y .
The degree o f  im pa i rm en t  t o  hormone p r o d u c t i o n  and r e le a s e  i s  seen as a 
f u n c t i o n  o f  t h e  amount o f  d e s t r u c t i o n  t o  t h e  h y p o p h y s e o t r o p h i c  a re a .
T h e r e f o r e ,  i f  t h e  a r c u a t e  n u c l e i  a re  t o t a l l y  d e s t ro y e d  then  a t o t a l  
shutdown o f  g o n a d o t r o p h in  p r o d u c t i o n  would be expe c ted  pnd comple te  
gonadal  a t r o p h y .
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A la rge  amount o f  t h e  e x p e r im e n ta l  e v idenc e  c o n c e rn in g  t h e  a r c u a t e  
n u c l e i  uses hormone i m p l a n t a t i o n .  I m p la n t a t i o n  o f  c r y s t a l l i n e  e s t r o g e n  
o r  androgen i n t o  t h e  h y p o p h y s e o t r o p h i c  area caused gonadal  a t r o p h y  in 
r a t s ,  r a b b i t s  and dogs w i t h  no e f f e c t  f rom s i m i l a r  im p la n t s  in  t h e  an­
t e r i o r  p i t u i t a r y  (Dav idson and Sawyer ,  1961; Kanematse and Sawyer,  1965;
L i s k ,  1960 and 1962) .  Kanematse and Sawyer (1963) and Ramirez ,  e t  a I . ,
(1964)  found t h a t  e s t r o g e n  im p la n t s  in th e  a r c u a te  n u c l e i  reduced t h e  
LH c o n t e n t  o f  t h e  p i t u i t a r y  a f t e r  o v a r i e c to m y ,  whereas i n t r a - p i t u i t a r y  
im p la n t s  d i d  n o t .  P o s to v a r ie c to m y  c y t o l o g i c a l  changes in  t h e  a n t e r i o r  
p i t u i t a r y  were p re v e n te d  w i t h  o v a ry  o r  e s t ro g e n  im p la n ts  in  th e  hypophy-  
s e o t r o p h i c  a rea  (Kanematse and Sawyer ,  1963; L i s k ,  1963) ;  p i t u i t a r y  im­
p l a n t s  were n o t  e f f e c t i v e .  Bogdanove (1963)  suggested t h a t  t h e  reason 
t h e s e  p i t u i t a r y  im p la n ts  d i d  n o t  p r e v e n t  t h e  changes was t h a t  t h e  e n t i r e  
a n t e r i o r  p i t u i t a r y  must r e c e i v e  sex  s t e r i o d s  f rom  a s to ra g e  depo t  in  th e  
a r c u a t e  n u c l e i .  When o n l y  p a r t  o f  t h e  g land  i s  s t i m u l a t e d ,  Bogdanove 
f e l t  t h a t  i t  i s  i n s u f f i c i e n t .  T h i s  m ig h t  e x p l a i n  th e  f a i l u r e  o f  i n t r a -  
p i t u i t a r y  s t e r i o d  im p la n t s  t o  i n h i b i t  g o n a d o t r o p h i c  s e c r e t i o n .  P a lk a ,  
e t  a j_ . , (1966)  im p lan ted  e s t ro g e n  in  th e  a n t e r i o r  p i t u i t a r y  and found 
t h a t  i t  was n o t  e f f e c t i v e  in  r e l e a s i n g  LH a l th o u g h  u n i l a t e r a l  p i t u i t a r y  
h y p e r t r o p h y  was produced o v e r  a f i v e - d a y  p e r i o d .  Im p lan ts  in  t h e  median 
eminence d i d  cause th e  r e le a s e  o f  l a rg e  amounts o f  LH w h i l e  i t  caused an 
i n s i g n i f i c a n t  h y p e r t r o p h y .  The e f f e c t i v e n e s s  o f  t h e  median eminence im­
p l a n t s  c a n n o t  be a t t r i b u t e d  t o  b e t t e r  d i s t r i b u t i o n  o f  e s t ro g e n  because 
t h e r e  was no d e t e c t a b l e  plasma LH a f t e r  f i v e  days in  th e  r a t s  w i t h  b i ­
l a t e r a l  p i t u i t a r y  im p la n t s  in  s p i t e  o f  th e  f a c t  t h a t  bo th  lobes o f  t h e  
a n t e r i o r  p i t u i t a r y  were h y p e r t r o p h i c .
Amygdala and Sexual  B e h a v io r
Flerko (1967) i m p l i e s  t h a t  c e r t a i n  l i m b i c  s t r u c t u r e s  are  i n v o lv e d  
w i t h  t h e  p r e o p t i c  a rea  o f  t h e  a n t e r i o r  hypo tha lamus in  t h e  c y c l i c  con­
t r o l  o f  g o n a d o t ro p h in  r e le a s e .  K r e j c i  and C r i t c h l o w  (1959)  found t h a t  
t h e r e  was a s i g n i f i c a n t  in c re a s e  in  u t e r i n e  s t i m u l a t i o n  a f t e r  amygda­
l o i d  l e s io n s  in  immature fema le  r a t s .  The e f f e c t i v e  amygda lo id  l e s io n s  
in c lu d e d  p a r t s  o f  t h e  med ia l  n u c l e i  and an area between t h e  n u c le i  con ­
t a i n i n g  f i b e r s  o f  t h e  s t r i a  t e r m i n a l  i s .  E l v e r s  and C r i t c h l o w  (1960)  
s u g g e s t  t h a t  thes e  le s io n s  d e s t r o y  neu ra l  mechanisms a c t i v e  in  t h e  i n ­
h i b i t i o n  o f  g o n a d o t r o p h in  s e c r e t i o n  in  immature fema le  r a t s .  In 1961, 
Ganong c o n f i rm e d  E l v e r ’ s and C r i t c h l o w ’ s f i n d i n g s .  S c h r e i n e r  and K l i n g  
(1953) and Green, e t  a I . ,  (1957) found a f t e r  amygda lo id  l e s io n s  t h a t  
human males became h y p e r s e x u a l .  Yamada and G ree r  (1960) r e p o r t e d  a de­
c rease  in  g o n a d o t ro p h in  p r o d u c t i o n  and r e le a s e  in  male r a t s .  Kawakami, 
e t  a I . , (1966) p o s t u l a t e d  t h a t  w i t h  amygdala a c t i v a t i o n  LH was re le a s e d  
which caused p ro g e s te r o n e  t o  be s e c r e te d  wh ich  in  t u r n  lowered t h e  exc i  
a b i l i t y  o f  t h e  amygda la .  T i n d a l  and Knaggs (1966) proposed t h a t  l a c t o -  
g e n e s is  may be caused by e s t ro g e n  s e n s i t i v e  c e l l s  in  t h e  amygdala t h a t  
a c t  on th e  a r c u a t e  n u c l e i  v i a  t h e  s t r i a  t e r m in a l  i s ,  and t r i g g e r i n g  th e  
r e le a s e  o f  p r o l a c t i n .
One o f  t h e  most e x c i t i n g  a reas  t h a t  has c o n t r i b u t e d  ev idence  in f a  
v o r  o f  am ygda lo id  in v o lv e m e n t  in  r e p r o d u c t i o n  has come f rom  a u t o r a d i o ­
g ra p h y .  Through s c i n t i l l a t i o n  coun ts  hormone up take  and r e t e n t i o n  by 
t h e  b r a i n  has been dem ons t ra ted  in  female  c a t s  (G lascock  and M ic h a e l ,  
1962) ,  in  fema le  r a t s  ( Ka to  and Vi I l e e ,  1967; P f a f f ,  1968a, b and c ;  
S tem pf ,  1968) ,  in  n e o n a t a l l y  and rogen ized  fema le  r a t s  (Anderson and 
Greenwa ld ,  1969; Flerko, Mess and I 1 l e i - D o n h o f f e r ,  1969; Green, L u t tg e
and Whalen, 1969) .  McEven and P f a f f  (1970)  found t h a t  fema le  r a t s  have 
a h i g h e r  up take  and r e t e n t i o n  in  t h e  h y p o th a la m ic  area than  any o t h e r  
g roup .  A l th ough  Green,  e t  a I . ,  (1969) f a i l e d  t o  f i n d  any d i f f e r e n c e  
between males and f e m a le s ,  P f a f f  (1968a and b) found t h a t  t h e  amygdala 
has more a f f i n i t y  f o r  e s t r a d i o l  w h i l e  th e  o f f a c t o r y  b u lb s  t a k e  up t e s t o s ­
t e r o n e .  In a paper  read a t  t h e  E a s te rn  Regiona l  R e p ro d u c t i v e  Confe rence 
in  June ,  1971, P f a f f  r e p o r t e d  t h a t  he has found t h a t  t h e  p r e o p t i c  and 
a r c u a te  areas o f  t h e  hypo tha lamus and the  amygdala r e t a i n e d  a much g r e a t ­
e r  amount o f  l a b e l l e d  e s t r o g e n  th a n  d i d  o t h e r  neu ra l  s t r u c t u r e s .  P re ­
f e r e n t i a l  up take  o f  e s t r o g e n  in  some re g io n s  o f  th e  b r a i n  i s  p o s t u l a t e d  
t o  r e s u l t  f rom  th e  p resence  o f  s e l e c t i v e  r e c e p t o r  s i t e s .  Zigmond and 
McEven ( 1 9 7 0 ) ' r e p o r t  e s t r o g e n  s p e c i f i c i t y  f o r  n u c l e a r  r e c e p t o r s  in  t h e  
c e l l s  o f  th e  p r e o p t i c  h y p o th a la m ic  a rea  and th e  am ygda lo id  r e g io n  o f  
fema le  r a t s  in  v i t r o .
Hypotheses and Pred? c t i o n s
The p r e s e n t  s tu d y  i s  based on t h e  assumpt ion  t h a t  B a r r a c l o u g h ’ s 
(1967)  model i s  an adequate r e p r e s e n t a t i o n  o f  th e  i n t e r a c t i o n  between 
t h e  hypo tha lam us ,  t h e  p i t u i t a r y  and t h e  gonads in t h e  r e p r o d u c t i v e  s y s ­
tem o f  t h e  fema le  r a t .  A l th ough  fema le  r a t s  have been le s io n e d  in  t h e  
p r e o p t i c  and a r c u a te  n u c l e i  in  many s t u d i e s ,  q u e s t i o n s  s t i l l  remain as 
t o  t h e  p r e c i s e  a rea o f  t h e  a n t e r i o r  hypo tha lamus i n v o lv e d  in  t h e  c y c l i c  
c o n t r o l  o f  fema le  e n d o c r in e  r e l e a s e .  A l though  Flerko (1967) sugges ts  
t h a t  t h e  amount o f  damage in  t h e  a r c u a t e  n u c le i  i s  in  d i r e c t  p r o p o r t i o n  
t o  t h e  e x t e n t  o f  breakdown in  t h e  t o n i c  system o f  p i t u i t a r y  r e l e a s e ,  no 
such c l a i m  has been made f o r  t h e  p r e o p t i c  a re a .  There  may be a t h r e s h ­
o l d  o f  a c t i o n  in  th e  c y c l i c  sys tem in  t h a t  t h e  surge o f  LH necessary  f o r
i
o v u l a t i o n  i s  an a l l - o r - n o n e  a f f a i r .
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In t h i s  e x p e r im e n t ,  e i g h t  d i f f e r e n t  I e s i o n - c o m b in a t i o n s  i n c l u d i n g  
a l e s io n  and a n o - l e s i o n  c o n d i t i o n  f o r  each s t r u c t u r e  i n v o lv e d  ( p r e ­
o p t i c ,  a r c u a t e ,  and amygdala) were p roduced y i e l d i n g  a 2 x 2 x 2 x 3  
( a r c u a t e ,  p r e o p t i c ,  amygdala l e s i o n s ,  and days)  c o m p le te l y  c rossed  f a c ­
t o r i a l  des ign  w i t h  repea ted  measures on t h e  l a s t  f a c t o r .  Because a l l  
i n f o r m a t i o n  coming th ro u g h  t h e  r e p r o d u c t i v e  sys tem must f i n a l l y  a c t  
t h ro u g h  t h e  a r c u a te  n u c l e i ,  l e s i o n s  o f  t h e  p r e o p t i c  a rea  and t h e  amyg­
d a la  can have no a d d i t i o n a l  e f f e c t  on r e p r o d u c t i v e  b e h a v io r  o r  f u n c t i o n  
in  a n im a ls  t h a t  a l s o  have a r c u a te  n u c l e i  l e s i o n s .  There  may be some 
a f f e c t i v e  changes a f t e r  am ygda lo id  l e s i o n s ,  b u t  t h e s e  w i l l  be ev idenced  
i n  r e a c t i v i t y  and e m o t i o n a l i t y .  A r c u a te  l e s io n s  a re  p o s t u l a t e d  t o  p r e ­
dom ina te  in  t h e i r  e f f e c t s .  Thus any I e s io n - c o m b in a t i o n  i n c l u d i n g  an a r ­
c u a te  l e s i o n  s h o u ld  p roduce a shut-doWn in  r e p r o d u c t i v e  f u n c t i o n  p r o p o r ­
t i o n a l  t o  t h e  amount o f  a r c u a te  damage. In o t h e r  w o rds ,  amount o f  a r c u ­
a te  damage sh o u ld  c o r r e l a t e  w i t h  degree o f  c y c l e  d i s r u p t i o n ,  o v a r i a n  and 
a d re n a l  w e ig h t  and sexua l  b e h a v io r .  Complete a r c u a t e  a b l a t i o n  sh o u ld  
r e s u l t  in  a t r o p h y  o f  t h e  o v a r i e s  and a b o l i t i o n  o f  a l l  sexua l  b e h a v io r .
The sys tem must a t r o p h y  s i n c e  th e  neurohumors s e c r e te d  by t h e  a r c u a t e  
a re  necessary  f o r  p r o p e r  p i t u i t a r y  f u n c t i o n  wh ich in  t u r n  i s  necessary  
f o r  p r o p e r  o v a r i a n  f u n c t i o n .  An im a ls  w i t h  a r c u a te  le s io n s  g i v e n  exoge­
nous e s t ro g e n  and p r o g e s te r o n e  (p r im e d )  t h e r e f o r e  cann o t  d i s p l a y  e s t r u s  
b e h a v io r .
D e s t r u c t i o n  o f  t h e  p r e o p t i c  area  i s  p o s i t e d  t o  cause com p le te  ces ­
s a t i o n  o f  c y c l i c  b e h a v io r  and f u n c t i o n  in  the  fe m a le .  A c c o rd in g  t o  
B a r r a c l o u g h Ts mode l ,  t h e  i n f l u e n c e  o f  th e  p r e o p t i c  a rea  i s  necessary  f o r  
t h e  r e le a s e  o f  t h e  su rge  o f  LH needed t o  cause o v u l a t i o n .  O v a r ian  a t r o ­
phy i s  n o t  ex pec ted  in  t h a t  t h e  a r c u a t e  n u c le i  a c t s  t o  m a in t a i n  m in im a l
l e v e l s  o f  FSH and LH. An In c re a s e  In  m a le - t y p e  mount ing  I s  a l s o  expec ted  
in  fema les  w i t h  p r e o p t i c  l e s io n s  s in c e  t h e  LH su rge  i s  l a c k i n g  and t h e  
f e m i n i z i n g  a c t i o n  o f  e s t r u s  w i l l  be a b s e n t .  However, w i t h  p r i m i n g ,  
th e s e  a n im a ls  w i l l  o v u l a t e  and r e c o v e r  f u l l  e s t r u s  b e h a v io r  i n c l u d i n g  
sexua l  r e c e p t i v i t y .
The amygdala i s  h y p o th e s iz e d  t o  be th e  m a jo r  a rea  i n v o l v e d  in  t h e  . 
" h i g h e r  n e u ra l  c o n t r o l "  o f  B a r r a c l o u g h Ts mode l ,  wh ich a c t s  on t h e  p r e ­
o p t i c  n u c l e i .  Thus ,  t h e r e  s h o u ld  be no added e f f e c t  in  t h o s e  a n im a ls  
t h a t  have l e s io n s  bo th  in  t h e  amygdala and t h e  p r e o p t i c  a r e a s .  Amygdala 
d e s t r u c t i o n  a lone  sh o u ld  p roduce  some a b b e r a t i o n s  in sexua l  b e h a v io r .
Most l i k e l y  t h i s  w i l l  t a k e  t h e  fo rm  o f  i r r e g u l a r  c y c l i n g  and e m o t i o n a l i t y .  
Amygdala damage seems t o  produce h y p e r s e x u a l i t y  in  humans ( S c h r e i n e r  and 
K l i n g ,  1953) and c a t s  (Green,  e t  a I . ,  1957) .  T h i s  h y p e r s e x u a l i t y  may be 
an e x p r e s s io n  o f  in c re a s e d  r e a c t i v i t y  and h y p e r s e n s i t i v i t y  t o  t h e  e n v i ­
ronment .  Sexual a b b e r a t i o n s  have a l s o  been r e p o r te d  ( T e r z ia n  and Ore ,  
1955) ;  t h e r e f o r e ,  an in c re a s e  in  m a le - t y p e  m ount ing  may be obse rved  a f ­
t e r  am ygda lo id  l e s i o n i n g .
In summary,  B a r r a c I o u g h 1s (1967)  model a long  w i t h  t h e  assum pt ion  
t h a t  t h e  h i g h e r  neu ra l  c e n t e r  i s  t h e  am ygda lo id  nuc leus  p r e d i c t s  t h e  
f  o I I ow i ng :
(1 )  A rc u a te  l e s io n s  a lways p roduce  a c om p le te  c e s s a t i o n  o f  sexua l  
f u n c t i o n  n o t  r e v e r s i b l e  by p r i m i n g :  o v a r i a n  a t r o p h y ,  a n e s t r u s  wh ich 
c a n n o t  be e l i m i n a t e d  by p r im in g  and a s e x u a l i t y ;
(2 )  P r e o p t i c  l e s io n s  produce c e s s a t i o n  o f  s e x u a l i t y  w i t h o u t  o v a r i a n  
a t r o p h y  r e v e r s i b l e  w i t h  p r im in g  c o n t r a r y  t o  most e v id e n c e :  a n e s t ru s  
and a s e x u a l i t y  wh ich can be e l i m i n a t e d  w i t h  p r im in g ;
(3 )  Amygdala l e s io n s  produce a change in  p r e o p t i c  f u n c t i o n i n g
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t h e r e b y  c a u s in g  a d i s r u p t i o n  in  s e x u a l i t y  wh ich i s  r e v e r s i b l e  w i t h  
p r i m i n g :  i r r e g u l a r  e s t r u s  and i r r e g u l a r  r e c e p t i v i t y  r e p a i r a b l e
w i t h  p r i m i n g .
METHOD
S u b je c t s
E ig h t y  e x p e r i m e n t a l l y  n a iv e  fema le  Hol tzmann r a t s ,  a p p r o x im a te l y  
e i g h t y  days o l d  were randomly  ass igned  t o  one o f  e i g h t  I e s io n -c o m b in a ­
t i o n  t r e a t m e n t  c o n d i t i o n s .  Of t h e s e  a n im a ls ,  25 d ie d  d u r i n g  o r  s h o r t l y  
a f t e r  s u r g e r y  l e a v in g  a t o t a l  o f  55 a n im a ls .  A l l  s u b j e c t s  were housed 
a t  ab o u t  26°  C.
P rocedure
A l l  s u b j e c t s  were housed i n d i v i d u a l l y  on a re v e rs e d  1 2 - h r .  l i g h t /  
1 2 - h r .  da rk  c y c l e  w i t h  food  ( P u r in a  L a b o r a to ry  P e l l e t s )  and ta p  w a te r  
a v a i l a b l e  ad l i b  in t h e  home cage t h r o u g h o u t  t h e  e x p e r im e n t .  A t  l e a s t  
one week was a l l o w e d  f o r  a d a p t a t i o n  t o  th e  l i g h t  c y c l e  b e f o r e  s u r g e r y  
was begun.
A l l  l e s io n s  were made a t  abou t  100 days o f  age. A f t e r  s u r g e r y ,  two 
weeks were a l lo w e d  f o r  r e c o v e r y .  The s u b j e c t s  were observed  in  an 18- 
inch  d i a m e te r  c y l i n d r i c a l  p l e x i g l a s s  box w i t h  a 1 5 - w a t t  ruby  d a rk  room 
l i g h t  p la c e d  two f e e t  above t h e  t o p .  T e s ts  o f  male sexua l  b e h a v io r  
( m o u n t in g )  were made on days 15 and 16 f o r  te n  m inu tes  d u r i n g  t h e  da rk  
c y c l e .  S u b je c ts  were t e s t e d  w i t h  s e x u a l l y  r e c e p t i v e  fema les  (p r imed  
w i t h  e s t r o g e n  and p r o g e s t e r o n e ) .  On days 17, 19 and 21 fema le  sexua l  
b e h a v io r  t e s t s  were run f o r  t e n  m inu tes  each day d u r i n g  t h e  da rk  c y c l e  
w i t h  p roven  male c o p u l a t o r s .  The fema le  sex  b e h a v io r  measures sco red  
were number o f  t im e s  mounted p e r  t e s t  and number o f  mounts on wh ich l o r ­
d o s i s  o c c u r r e d .  I f  an an imal became p r e g n a n t ,  the  c y c l i c  r e p r o d u c t i v e
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system was assumed t o  be i n t a c t .  D a i l y  v a g in a l  smears were made b e g in ­
n in g  on day 14 and c o n t i n u i n g  th ro u g h  day 25 t o  de te rm ine  t h e  c h a r a c t e r ­
i s t i c  le n g th  o f  each s u b j e c t ’ s c y c l e .
Those a n im a ls  t h a t  d id  n o t  become p r e g n a n t  were p r im ed w i t h  50 mg 
e s t r a d i o l  benzoa te  (Sigma) d i s s o v l e d  in  peanu t  o i l  on days 26 and 27 
w i t h  0 . 5  mg p ro g e s te ro n e  (Sigma) in  peanu t  o i l  g i v e n  subcu taneous Iy 
f o u r  h ou rs  b e f o r e  fema le  sexua l  b e h a v io r  t e s t s  on day 28 .  W ith  one day 
r e s t  t h e  a n im a ls  were p r im ed in  t h e  same way and t e s t e d  on day 32. A t  
s a c r i f i c e  t h e  a d r e n a ls  and o v a r i e s  were tak en  and we ighed.
Su rge ry
S u b je c ts  were randomly  ass igned  t o  one o f  th e  e i g h t  I e s io n - c o m b i -  
n a t i o n s :  a r c u a te  o n l y  (ARH), p r e o p t i c  o n l y  (POA), amygdala o n l y  (AMYG),
a r c u a te  and p r e o p t i c  (ARH-POA), a r c u a t e  and amygdala (ARH-AMYG), p r e ­
o p t i c  and amygdala (POA-AMYG), p r e o p t i c  and a r c u a t e  and amygdala (ARH- 
POA-AMYG), and no l e s i o n  (SHAM).
A l l  a b l a t i o n s  were done on a s i n g l e  o c c a s io n  on each a n im a l .  T a r ­
g e t  c o o r d i n a t e s  f o r  t h e  a r c u a te  n u c l e i  a re  AP - 0 . 2 ,  DV 9 . 9 0 ,  La t  0 .2 5  
and - 0 . 2 5 .  Those f o r  t h e  p r e o p t i c  a rea  are  AP 1 . 8 ,  DV 8 . 7 5 ,  La t  2 . 5  and 
- 2 . 5  and f o r  t h e  amygdala AP - 0 . 6 ,  DV 9 . 5 ,  and La t  3 .75  and - 3 . 7 5 .  The 
combined l e s io n  g roups  were made w i t h  t h e  c o o r d i n a t e s  g i v e n  f o r  s e p a ra te  
l e s i o n s .  A l l  l e s io n s  were b i l a t e r a l  ( m o d i f i e d  DeGroot sys tem o f  P e l l e ­
g r i n o  and Cushman, 1967) .
S u rge ry  was pe r fo rm ed  under  e t h e r  a n e s th e s ia  w i t h  a p r e - a n e s t h e t i c  
i n t r a p e r i t o n e a I  i n j e c t i o n  o f  a t r o p i n e  s u l f a t e  ( 0 .5  ml o f  a 2 . 4  mg/ml so ­
l u t i o n ) .  A Kopf s t e r e o t a x i c  i n s t r u m e n t  was used t o  p la c e  th e  b i l a t e r a l  
le s io n s  w i t h  a s t a i n l e s s  s t e e l  e l e c t r o d e  0 .2 5  mm in  d ia m e te r  i n s u l a t e d  
w i t h  e p o x y l i t e  eve rywhere  e x c e p t  f o r  t h e  t i p .  An anodal  c u r r e n t  o f  2 mA
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w i t h  a r e c t a l  ca thode  was d e l i v e r e d  f o r  t e n  seconds.  Sham o p e ra te d  
s u b j e c t s  underwent  a i l  s u r g i c a l  p r o c e d u re s ,  b u t  t h e  e l e c t r o d e  was n o t  
lowered i n t o  t h e  b r a i n .
Histology
A l l  s u b j e c t s  were s a c r i f i c e d  w i t h  an ove rdose  o f  sodium p e n t o b a r b i ­
t a l  i n t r a p e r i t o n e a I l y .  A f t e r  t h e  adrena l  g la n d s  and o v a r i e s  were t a k e n ,  
t h e  a n im a ls  were p e r f u s e d  w i t h  p h y s i o l o g i c a l  s a l i n e  and 10$ f o r m a l i n .
The b r a i n s  were removed and s t o r e d  in  10$ f o r m a l i n .  They were embedded 
in  egg y o l k  a c c o r d i n g  t o  a m o d i f i c a t i o n  o f  t h e  p roc ed u re  o f  Ebbesson 
(1 9 7 0 ) .  Us ing a m ic ro tome and t h e  f r o z e n  s e c t i o n  p r o c e d u re ,  a l t e r n a t e  
s e c t i o n s  t h ro u g h  t h e  l e s io n  were mounted and s t a i n e d  w i t h  c r e s y l e c h t -  
v i o l e t .  E x t e n t  and l o c a t i o n  o f  l e s io n s  were de te rm ined  and o n l y  thos e  
a n im a ls  w i t h  l e s io n s  in  t h e  c o r r e c t  a rea  were in c lu d e d  in  t h e  da ta  an-  
a I y s e s .
RESULTS
Ht stology
Of t h e  25 a n im a ls  wh ich d i d  n o t  s u r v i v e  s u r g e r y ,  11 were in  t h e  
ARH-POA-AMYG g ro u p ,  f o u r  in  t h e  ARH g ro u p ,  t h r e e  in  t h e  POA group and 
f o u r  in  t h e  AMYG-POA g ro u p .  A l s o ,  one animal d ie d  in  th e  ARH-POA group 
and two  f rom  t h e  AMYG g ro u p .  A f t e r  h i s t o l o g i c a l  v e r i f i c a t i o n ,  one sub­
j e c t  in  t h e  ARH-AMYG g r o u p ,  two s u b j e c t s  in  t h e  ARH-POA, and one s u b j e c t  
in  t h e  ARH le s io n  group had t o  be d i s c a rd e d  because t h e i r  l e s io n s  were 
e i t h e r  n o t  b i l a t e r a l  o r  n o t  o f  s u f f i c i e n t  s i z e .  L o c a t i o n  and e x t e n t  o f  
l e s io n  damage a re  p re s e n te d  in T a b le  1. A key t o  s t r u c t u r e  a b b r e v i a t i o n s  
appears  in  Append ix  t o  T a b le  1. The da ta  p re s e n te d  in  T a b le  1 a re  b i l a ­
t e r a l  damage f rom most a n t e r i o r  t o  most p o s t e r i o r  p o i n t  f o r  s u b j e c t s  in  
each l e s io n  g roup .  A ls o  i n d i c a t e d  a re  o t h e r  s t r u c t u r e s  wh ich were i n c i ­
d e n ta l  ly  damaged e i t h e r  b i l a t e r a l l y  (B) o r  u n i l a t e r a l l y  (U ) .  T y p i c a l  
l e s io n s  f o r  each c o n d i t i o n  a re  p re s e n te d  in  F ig u r e s  2 ,  3 and 4.
Vagi naI Smears
V ag ina l  smears were made e v e ry  day w i t h i n  t h e  f i r s t  h o u r  o f  t h e  
o n s e t  o f  l i g h t  b e g in n in g  on day 14 and c o n t i n u i n g  th ro u g h  day 32. The 
smears a re  t h e  b e s t  i n d i c a t i o n  o f  t h e  hormonal c o n d i t i o n  o f  t h e  s u b j e c t .  
D u r ing  t h e  f i r s t  t e s t  s e r i e s ,  days 1 th ro u g h  13, t h e r e  was a s i g n i f i c a n t  
e f f e c t  o f  t h e  le s io n -c o m b i  n a t i o n s  on w h e th e r  o r  n o t  an an imal came i n t o  
e s t r u s  a t  l e a s t  once d u r i n g  th o s e  days = 27 .93  w i t h  7 degrees o f  
f reedom,  < . 0 0 1 ) .  An im a ls  w i t h  a r c u a t e  l e s io n s  were less  l i k e l y  t o
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APPENDIX TO TABLE 1 
ABBREVIATIONS OF STRUCTURES LISTED IN LESION SUMMARIES 
AAA A n t e r i o r  Amygda lo id  Area 
ACO C o r t i c a l  Amygda lo id  Nucleus 
AHA A n t e r i o r  Area o f  Hypothalamus 
AME Media l  Amygda lo id  Nucleus 
ARH A rc u a te  Nuc leus  o f  Hypothalamus 
DMH Dorsomed ia!  Nuc leus  o f  Hypothalamus 
I CL I n t e r c a l a t e d  Amygda lo id  Nuc leus  
LHA L a t e r a l  H y p o th a la m ic  Area 
MFB Media l  F o r e b r a in  Bund le  
MM Media l  M a m i l l a r y  Nucleus 
MP P o s t e r i o r  M a m i l l a r y  Nuc leus 
MPO Media l  P r e o p t i c  Area 
MT M a m i l l o t h a l a m i c  T r a c t  
PMD Dorsa l  P r e m a m i l l a r y  Nucleus 
PMV V e n t r a l  P r e m a m i l l a r y  Nucleus 
POA L a t e r a l  P r e o p t i c  Area 
SC S u p ra c h ia s m a t i c  Nucleus 
TUO O l f a c t o r y  T u b e r c l e  














C*2 = 14 .62 w i t h  1 degree o f  f reedom,  £_ < . 0 0 1 ) .  Those s u b j e c t s  w i t h  
l e s io n s  in  t h e  p r e o p t i c  a rea  were a l s o  less  l i k e l y  t o  d i s p l a y  e s t r u s  
th a n  were o t h e r  s u b j e c t s  <x = 6 .9 7  w i t h  1 degree o f  f reedom ,  £_ < . 0 1 ) .
There  was n o t  a s i g n i f i c a n t  d i f f e r e n c e  between th o s e  s u b j e c t s  wh ich had 
amygdala l e s io n s  and th o s e  t h a t  d i d  n o t  in  t h e  d i s p l a y  o f  e s t r u s  =
1.66 w i t h  1 degree o f  f reedom ,  < . 2 0 ) .
Those an im a ls  t h a t  made up t h e  sham c o n d i t i o n  came i n t o  e s t r u s  
e v e r y  f o u r  days as e x p e c te d .  A l th o u g h  th e  d i f f e r e n c e s  d id  n o t  reach 
s i g n i f i c a n c e ,  t h e  amygdala group d id  n o t  d i s p l a y  r e g u l a r  c y c l e s .  Those 
AMYG a n im a ls  t h a t  d i d  come i n t o  e s t r u s  ( t h r e e  o u t  o f  s i x )  d i d  so in  an 
i r r a t i c  manner. None o f  th e s e  s u b j e c t s  e x p e r ie n c e d  a f o u r - d a y  c y c l e .
The e f f e c t  o f  l e s io n s  r e f l e c t e d  d u r i n g  t h e  f i r s t  t e s t i n g  p e r i o d  
remained a f t e r  p r im in g  ( x  = 5 1 .0 2  w i t h  7 degrees  o f  f reedom ,  < . 0 0 1 ) .
Only t h e  a r c u a te  le s io n s  produced a s i g n i f i c a n t  d i f f e r e n c e  a f t e r  p r im in g  
in  e s t r u s  = 56 .02  w i t h  1 degree o f  f reedom, p_ < . 0 0 1 ) .  A l l  o t h e r  
a n im a ls  came i n t o  e s t r u s  a t  l e a s t  once a f t e r  p r i m i n g .  As e x p e c te d ,  
t h o s e  a n im a ls  w i t h  p r e o p t i c  l e s io n s  recove red  sexua l  f u n c t i o n  w i t h  p r im ­
i n g .  S u b je c ts  w i t h  combined amygdala and p r e o p t i c  l e s io n s  and th o s e  w i t h  
amygdala le s io n s  a lo n e  a l s o  came i n t o  e s t r u s  a f t e r  p r i m i n g ,  a l s o  as p r e -  
di  c t e d .
Vag ina I  PIugs
When t h e  male e j a c u l a t e s ,  a v a g in a l  p l u g  i s  formed in  t h e  va g in a  o f  
t h e  fe m a le .  An e x a m in a t io n  f o r  p lu g s  a f t e r  each m a t in g  t e s t  was made t o  
d e te rm in e  w h e th e r  s u b j e c t s  s h o u ld  be dropped because o f  s u c c e s s f u l  m a t in g .  
D u r in g  t h e  f i r s t  t e s t  p e r i o d  a s i g n i f i c a n t  d i f f e r e n c e  was found between 
l e s io n  and n o n - l e s i o n  g roups  ( x  = 24.91 w i t h  1 degree o f  f reedom ,  £_ <
. 0 0 1 ) .  Because none o f  t h e  le s io n e d  g roups  e v e r  had a p l u g  d u r i n g  t h i s
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p e r i o d ,  t h i s  was th e  o n l y  compar ison t h a t  was made.
A f t e r  p r im in g  t h e r e  was a s i g n i f i c a n t  e f f e c t  o f  t h e  Ie s io n -c o m b in a -
t i o n s  on w h e th e r  o r  n o t  an animal had a p lu g  (x. = 32.96 w i t h  7 degrees
o f  f reedom,  £_ < . 0 0 1 ) .  There  was a s i g n i f i c a n t  d i f f e r e n c e  between th o s e
a n im a ls  w i t h  a r c u a te  l e s io n s  and th o s e  w i t h o u t  a r c u a te  l e s i o n s  =
25 .9 8  w i t h  1 degree o f  f reedom ,  £_ < . 0 0 1 ) .  P r e o p t i c  l e s io n s  d id  n o t  p r o -
2duce fe w e r  p lu g s  (j< = 1.40 w i t h  1 degree o f  f r e e d o m ) ,  n o r  d i d  amygdala
l e s io n s  = 1.27 w i t h  1 degree o f  f re e d o m ) .  However,  t h e  amygdala l e ­
s i o n s  d i d  decrease t h e  number o f  p lu g s  s l i g h t l y  ( . 3  > £_ > . 2 ) .  A l th o u g h  
t h e  males mounted and ach ieved  i n t r o m i s s i o n  t h e y  d i d  no t  e j a c u l a t e  as 
o f t e n  w i t h  t h e s e  a n im a ls .
Mount? nq Behav? o r
On days 15 and 16 a l l  t e s t  a n im a ls  were p la c e d  w i t h  a fema le  t h a t  
was in  e s t r u s .  A l l  s t i m u l u s  fem a les  were pr im ed w i t h  two i n j e c t i o n s  o f  
e s t r a d i a l  benzoa te  48 and 24 hours  b e fo r e  t e s t i n g  and one i n j e c t i o n  o f  
p ro g e s te r o n e  3 hours  b e f o r e  p r e s e n t a t i o n .  These an im a ls  were t e s t e d  
f o r  l o r d o s i s  w i t h  a p roven male b e f o r e  p r e s e n t a t i o n  t o  t e s t  a n im a ls  t o  
v e r i f y  r e c e p t i v i t y .  Average moun t ing  b e h a v io r  f o r  t h e  l e s io n  g roups  
i s  p re s e n te d  in  T ab le  2 .  These da ta  were ana lyzed  as a 2 x 2 x 2 i n ­
dependent  groups unweighted means a n a l y s i s  o f  v a r i a n c e .  The summary o f  
t h i s  a n a l y s i s  i s  p re s e n te d  in  T ab le  3.  Those a n im a ls  w i t h  a r c u a t e  l e ­
s io n s  were s i g n i f i c a n t l y  d i f f e r e n t  f rom  th o s e  t h a t  d id  n o t .  The ARH-AMYG 
group was t h e  o n l y  a r c u a t e  group t h a t  d id  n o t  d i s p l a y  a lower  f r e q u e n c y  
o f  mounts than  n o n -a rc u a te  g ro u p s .  A l I  groups w i t h  amygdala l e s io n s  d i s ­
p la y e d  a s i g n i f i c a n t  i n c re a s e  in  m o un t in g .  The a r c u a t e  l e s io n  appears  t o  
have depressed t h e  e f f e c t  o f  t h e  amygdala le s io n  b u t  n o t  t o  have o b l i ­










L o r d o s is  Q u o t i e n t Mean
Body
Mean 
Ovar i  a n /  
Body
Mean 
Adrena 1 /  
Body
Number
Unprimed P r i  med
We i g h t  
(g ra m s)
Wei g h t  
( m . g . / g . )
Wei g h t  
( m . g . / g . )
A rc u a te  
P re o p t  i c 
AmygdaI a 2 .50 0 .0 0 0 .0 0 .0 176 8 .20 5 .96
P r e o p t i  c 
AmygdaI a 25 .60 1.60 0 .0 80 .2 243 8 .0 0 6.49
A rcua te  
AmygdaI a 10.57 0.71 0 .0 0 .0 243 5 .4 2 4 .6 3
Amygda1 a 2 0 .66 2 .5 0 0 .0 83.9 263 8 .07 7 .3 4
A rc u a te  
P r e o p t i  c 1.80 0 .0 0 0 .0 0 .0 261 6 .0 0 4 .05
P r e o p t i  c 12.83 0 .1 7 0 .0 8 7 .3 280 6 .8 8 6 .1 0
A rc u a te 1 .86 0 .0 0 0 .0 0 .0 239 6 .47 7 .27
Sham 6.27 5 .82 9 5 .8 9 1 .8 255 8 .8 6 5 .39
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TABLE 3 
ANALYSIS OF VARIANCE 
MOUNTING BEHAVIOR: FEMALE STIMULUS
Sou rce d f MS F
Amygdala (A) 1 .0 983 .65 6 8 .2 3
P r e o p t i c  (C) 1 .0 8 .3 3 0 .5 7
A rc u a te  (D) 1.0 1739.94 120.69
oX< 1 .0 68 .35 4 .7 4
A x .D 1.0 231 .57 16.06
C x  D 1.0 283 .13 19.64
A x  C x  D 1.0 30.00 2 .0 8
W i t h i n  C e l l s 43 .0 . 14.42
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Normal fema les  in  e s t r u s  w i l l  d i s p l a y  some m o u n t in g ,  p a r t i c u l a r l y  
i f  t h e  o t h e r  an imal p r e s e n t  i s  n o t  t r y i n g  t o  mount h e r .  Because t h e  s t i ­
mulus fema les  were in  s t r o n g  e s t r u s ,  many o f  them t r i e d  t o  mount t h e  
t e s t  a n im a ls .  A l th o u g h  no an imal in  a l e s io n  c o n d i t i o n  was e v e r  i n  e s ­
t r u s  d u r i n g  t h e  m oun t ing  t e s t s ,  some o f  them d i s p la y e d  l o r d o s i s  when 
mounted by a fema le  in  e s t r u s  b u t  neve r  d id  when mounted by a v ig o r o u s  
proven male .  T h i s  da ta  i s  p re s e n te d  in  T ab le  2 .  The l o r d o s i s  da ta  were 
a n a ly z e d  as a 2 x  2 x  2 independen t  g roups a n a l y s i s  o f  v a r i a n c e  (unwe igh­
t e d  means).  T h i s  a n a l y s i s  i s  summarized in  T ab le  4 .  A g a in ,  t h o s e  a n i ­
mals w i t h  a r c u a te  l e s io n s  were s i g n i f i c a n t l y  lower  than  th e  o t h e r  groups 
in  mean number o f  lo rd o s e s .  The amygdala l e s i o n  seemed t o  compensate 
f o r  a r c u a t e  l e s i o n s ,  and e l e v a t e  l o r d o s i s  w i t h  th e  s t i m u l u s  fe m a le .  No 
g ro u p ,  however ,  approached t h e  l o r d o s i s  b e h a v io r  o f  t h e  shams. The h igh  
average sham response was p r o b a b l y  i n f l a t e d  by t h r e e  o f  t h e  a n im a ls  be­
ing in  e s t r u s ,  however .
Lordos ? s Response
Female b e h a v io r  t e s t s  were run under  two t e s t  c o n d i t i o n s :  unpr imed
and p r im e d .  Three  t e s t s  were conduc ted  on days 17, 19 and 21 w i t h  t h e  
s u b j e c t s  unpr imed.  A l o r d o s i s  q u o t i e n t  was c a l c u l a t e d  f o r  each a n im a l .  
The l o r d o s i s  q u o t i e n t  i s  t h e  number o f  t im e s  t h e  fema le  l o r d o s i s e d  d i v i ­
ded by t h e  number o f  mounts by t h e  male .  The o n l y  group t h a t  d i s p la y e d  
l o r d o s i s  unpr imed was t h e  SHAM g roup .  Every o t h e r  group d i s p la y e d  no 
r e c e p t i v i t y  d u r i n g  t h e  f i r s t  fem a le  sexua l  b e h a v io r  t e s t s .  The c a l c u ­
l a te d  l o r d o s i s  q u o t i e n t s  f o r  a l l  s u b j e c t s  e x c e p t  t h e  c o n t r o l s  (SHAM) was 
z e r o .  No s t a t i s t i c s  were run on th e s e  da ta  in t h a t  i t  was an a l l - o r - n o n e  
a f f a i r .  The group means averaged a c ross  t e s t s  a re  p re s e n te d  in  T a b le  2.
The p r im ed c o n d i t i o n  i s  o f  m a jo r  i n t e r e s t .  None o f  t h e  s u b j e c t s  in
TABLE 4 
ANALYSIS OF VARIANCE 
LORDOSIS BEHAVIOR: FEMALE STIMULUS
Source d f MS F
Amygda1 a (A) 1.0 1 .01 0 .0 8
P r e o p t i  c (C) 1.0 38 .82 3.01
A rc u a te (D) 1.0 64 .57 5.01
> X o 1 .0 11 .99 0 .9 2
A x .D 1 .0 4 .9 7 0 .3 8
C x  D 1.0 25 .05 1.94
A x C x D 1.0 21 .97 1 .70
W i t h i n  Ge M s 43 .0 ,12.90
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any group w i t h  an a r c u a te  l e s i o n  came i n t o  e s t r u s  a f t e r  p r i m i n g  whereas 
a l l  o t h e r  s u b j e c t s  d i d  d i s p l a y  e s t r u s  and were s e x u a l l y  r e c e p t i v e .  These 
da ta  a re  p re s e n te d  in  T ab le  2 averaged ac ross  t e s t  days .  A one-way an­
a l y s i s  o f  v a r i a n c e  was p e r fo rm ed  on t h e  average l o r d o s i s  q u o t i e n t  c a l c u ­
l a t e d  f o r  t h e  AMYG-POA, AMYG, POA and SHAM g ro u p s .  T h i s  a n a l y s i s  i s  sum­
m a r iz e d  in  Tab le  5 .  The I e s io n - c o m b in a t i o n s  had a s i g n i f i c a n t  e f f e c t  on 
l o r d o s i s .  A T u k e y ! s t e s t  was pe r fo rm ed  on th e s e  q u o t i e n t s .  The SHAM 
group d i s p l a y e d  s i g n i f i c a n t l y  h i g h e r  average l o r d o s i s  q u o t i e n t  t h a n  t h e  
AMYG-POA and AMYG groups  (g_ = 6 .3 2  and 4 . 3 1 ,  r e s p e c t i v e l y ,  jd_ < . 0 5 ) .
The POA l e s io n  c o n d i t i o n  d i d  n o t  d i f f e r  f rom  t h e  SHAM c o n d i t i o n .
Ovary and Adrenal  W eights
A t  s a c r i f i c e  t h e  o v a r i e s  and a d r e n a ls  were tak en  and we ighed .  Body 
w e ig h t  d e t e r m i n a t i o n s  were a l s o  made. The average body w e ig h ts  f o r  t h e  
g roups  a re  p re s e n te d  in  T ab le  2 .  A 2 x 2 x 2 unwe igh ted  means a n a l y s i s  
o f  v a r i a n c e  was pe r fo rm ed  on th e s e  d a t a .  The a n a l y s i s  i s  summarized in  
T a b le  6 .  T h i s  a n a l y s i s  shows a h i g h l y  s i g n i f i c a n t  d i f f e r e n c e  in  w e ig h ts  
between t h e  g ro u p s .  Because o f  t h i s  w e ig h t  d i f f e r e n c e  t h e  g l a n d u l a r  
w e ig h ts  were r e c a l c u l a t e d  r e l a t i v e  t o  body w e ig h t  (mg/gm) by d i v i d i n g  
t h e  g la n d  w e ig h t  by t h e  body w e ig h t .  The average r e l a t i v e  g la n d  w e ig h ts  
a re  p r e s e n te d  in  T a b le  2 .  A 2 x 2 x 2  unwe igh ted  means a n a l y s i s  o f  va ­
r i a n c e  was run on th e s e  r e l a t i v e  w e ig h t s .  The a n a l y s i s  f o r  r e l a t i v e  
o v a r i a n  w e ig h ts  i s  p re s e n te d  in  T ab le  7.  POA le s io n s  d i d  n o t  have a 
s i g n i f i c a n t  e f f e c t  on o v a r i a n  w e ig h t .  The ARH le s io n  e f f e c t  was h i g h l y  
s i g n i f i c a n t .  Again  i t  appeared t h a t  t h e  AMYG le s io n  c o n d i t i o n  weakened 
t h e  e f f e c t  o f  t h e  ARH l e s i o n .  However,  because o f  t h e  d i f f e r e n c e s  in  
body w e ig h t  a t  s a c r i f i c e  i t  i s  d i f f i c u l t  t o  i n t e r p r e t  some o f  t h e  d i f ­
f e r e n c e s .  The AMYG-POA-ARH le s i o n  group was c o n s i d e r a b l y  l i g h t e r  in
TABLE .5 
ANALYSIS OF VARIANCE 
LORDOSIS QUOTIENTS: PRIMED
Source d f MS F
Groups 3 .0 123.56 6 .7 7





Source d f MS F
Amygdala (A) 1.0 8992.87 53 .33
P r e o p t i c  (C) 1 .0 1187.65 7 .0 4
A rc u a te  (D) 1.0 10933.94 64 .85
A x  C 1.0 13041.81 77 .35
A x  D 1.0 2067 .48 12.26
C x  D 1 .0 1884.56 11.18
A x  C x  D 1 .0 1360.10 8 .07





Source d f MS F
Amygdala (A) 1.0 1.65 5 .4 4
P r e o p t i c  (C) 1.0 0 .0 4 0 .1 6
A rc u a te  (D) 1 .0 24 .08 79 .28
A x C 1.0 19.65 6 4 .72
A x  D 1 .0 0.51 1.70
C x  D 1 -9 14.10 46 .44
A x  C x D 1 .0 1.37 4 .5 2
Wi t h  i n Ce11s 43 .0 .......0 ,3 0
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body w e ig h t  a t  s a c r i f i c e  th a n  a l l  th e  o t h e r  g roup s .  A l s o ,  a l l  t h e  l e ­
s i o n  c o n d i t i o n s  had a s i g n i f i c a n t  e f f e c t  on body w e ig h t .
A b l a t i o n  o f  t h e  amygdala d i d  no t  lead t o  a s i g n i f i c a n t  d i f f e r e n c e  
in  r e l a t i v e  ad ren a l  w e i g h t s .  The summary t a b l e  f o r  t h i s  a n a l y s i s  i s  p r e ­
s e n te d  in  T a b le  8 .  No m ean ing fu l  s t a te m e n t  can be made abo u t  ad ren a l  
w e ig h t  in  t h a t  a l l  a n im a ls  e x c e p t  thos e  w i t h  ARH le s io n s  were in  e s t r u s  
o r  p re g n a n t  a t  s a c r i f i c e .  Adrena l  s i z e  i s  i n f l u e n c e d  by e s t ro g e n  l e v e l s  
in  t h e  b lo o d  wh ich a re  e l e v a t e d  in  e s t r u s  and d u r i n g  p regnancy .  H ig h e r  
l e v e l s  o f  e s t r o g e n  cause e n la rg e m e n t  o f  t h e  ad ren a l  g lands  (T u r n e r  and 




Source d f MS F
Amygdala (A) 1 .0 1 .92 8 .4 3
P r e o p t i c  (C) 1.0 3.01 13.23
A r c u a te  (D) 1.0 . 8 .56 37 .69
A x  C 1 .0 6.51 28 .66
A x  D 1.0 6 .9 8 30 .72
C x  D 1 .0 2 .2 2 9 .7 8
A x  C x  D 1.0 27 .56 121.34
W ith  i n  Ce11s 43 .0 0 .2 3
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DISCUSSION
B a r ra c lo u g h  *s Mode I
The r e s u l t s  o f  a l l  t h e  b e h a v io r a l  t e s t s  s u p p o r t  t h e  assumpt ion  t h a t  
B a r r a c I o u g h f s (1967) model i s  an adequate r e p r e s e n t a t i o n  o f  t h e  i n t e r ­
a c t i o n  between t h e  hy po tha lam us ,  t h e  p i t u i t a r y ,  and t h e  gonads in  t h e  
r e p r o d u c t i v e  sys tem o f  t h e  fem a le  r a t .  In t h e  a r c u a t e  (ARH) l e s io n  con ­
d i t i o n  t h e  a b l a t i o n  was p r e d i c t e d  t o  a b o l i s h  a l l  sexua l  b e h a v io r  and 
cause a t r o p h y  o f  t h e  o v a r i e s .  A c c o rd in g  t o  B a r r a c l o u g h ' s  mode l ,  a l l  
r e p r o d u c t i v e  i n f o r m a t i o n  and i n s t r u c t i o n  must u l t i m a t e l y  work  th ro u g h  
t h e  a r c u a t e  n u c le u s ;  t h e r e f o r e ,  t o t a l  a b l a t i o n  must cause a com p le te  
shutdown o f  t h e  e n t i r e  sys tem .  A com p le te  la c k  o f  e s t r u s  as measured 
w i t h  v a g in a l  smears ,  t o t a l  la c k  o f  sexua l  r e c e p t i v i t y  as r e f l e c t e d  in  
l o r d o s i s  q u o t i e n t s  i n  t h e  unpr imed as w e l l  as t h e  p r im ed c o n d i t i o n s ,  a 
la c k  o f  v a g in a l  p l u g s ,  a s i g n i f i c a n t  decrease in  m ount ing  b e h a v io r  when 
t e s t e d  w i t h  a fema le  in  e s t r u s  and a s i g n i f i c a n t  decrease in  o v a r i a n  
w e ig h t  s u p p o r t  t h e  idea  t h a t  t h e  a r c u a t e  n u c le u s  o f  t h e  hypo tha lamus i s  
t h e  s e a t  o f  t o n i c  c o n t r o l  o f  t h e  r e p r o d u c t i v e  sys tem.
The p r e o p t i c  nuc leus  i s  seen by B a r ra c lo u g h  t o  be th e  f i n e  t u n i n g  
o f  t h e  fema le  sexua l  c y c l e .  As p r e d i c t e d ,  p r e o p t i c  l e s io n s  caused a 
com p le te  c e s s a t i o n  in  fem a le  sexua l  f u n c t i o n i n g  and an in c re a s e  in  
mount ing  b e h a v io r .  Vag in a l  smears re v e a le d  t h a t  none o f  t h e  s u b j e c t s  
in  t h e  POA groups were c y c l i n g .  Some i n v e s t i g a t o r s  have r e p o r t e d  t h a t  
fema les  w i t h  a n t e r i o r  h y p o th a la m ic  l e s io n s  remained in  c o n s t a n t  e s t r u s  
( A l l o i t e a s ,  1954; C o rk ,  1959; D’ Ange lo  and K r a v a t z ,  1960; Dey, 1940;
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F l e r k o ,  1954; G re e r ,  1953; Van Dyke, erf a|_. , 1957) .  O th e rs  found t h a t  
t h e i r  fem a les  remained in  d i e s t r u s  ( F l e r k o ,  1963; F l e r k o  and Bardos ,  
1960) .  In t h i s  e x p e r im e n t  t h e  POA an im a ls  remained in  a n e s t r u s .  T h i s  
f i n d i n g  does n o t  lend s u p p o r t  t o  t h e  h y p o th e s is  o f  Dey (1940)  t h a t  POA 
le s i o n s  cause c o n s t a n t  s e c r e t i o n  o f  e s t r o g e n .  M a t in g  t e s t s  d u r i n g  t h e  
unpr imed p e r i o d  showed no l o r d o s i s  b e h a v io r .  Upon p r i m i n g ,  as p r e d i c t e d  
f u l l  sexua l  b e h a v io r  was recove red  as ev idenced  by t h e  r e v e r s a l  in  l o r ­
d o s i s  responses and by d i s p l a y  o f  e s t r u s .  T h i s  r e c o v e ry  o f  sexua l  f u n c ­
t i o n i n g  i s  c o n t r a r y  t o  t h e  w e ig h t  o f  e v idenc e  in  t h e  l i t e r a t u r e  (Goy and 
P h o e n ix ,  1963; Hi I l a y s ,  e t  a_l_., 1954; Law and Meagher,  1958) .  The r e ­
v e r s i b i l i t y  i s  an i n d i c a t i o n  t h a t  t h e  p r e o p t i c  a rea  works on t h e  a r c u a te  
n u c l e i  t o  cause t h e  change in  hormone le v e l s  in  t h e  b lood  which lead t o  
fem a le  c y c l i n g .  Through t h e  a c t i o n  o f  neurohumors a n d / o r  e l e c t r i c a l  s t i  
m u la t i o n  i t  causes t h e  a r c u a te  t o  s t i m u l a t e  t h e  p i t u i t a r y  t o  r e le a s e  
f i r s t  FSH and then  LH wh ich cause t h e  o v a r i e s  t o  s e c r e t e  e s t ro g e n  and 
o v u l a t e .  The co rpus  Iu te a  th e n  s e c r e t e  p r o g e s t e r o n e . P r im in g  by f i r s t  
g i v i n g  e s t ro g e n  and th e n  p ro g e s te r o n e  when t h e  p r e o p t i c  i s  a b l a t e d  
changes t h e  hormone le v e l  in  t h e  b lo o d ,  wh ich i s  s u f f i c i e n t  t o  cause t h e  
hormone s e n s i t i v e  areas in  t h e  a r c u a te  t o  be a c t i v a t e d  and cause t h e  
p i t u i t a r y  t o  r e le a s e  a su rge  o f  LH which b r i n g s  abou t  o v u l a t i o n .  B a r r a -  
c Iough  does n o t  p r e d i c t  t h i s  r e v e r s a l ,  b u t  i t  i s  n o t  i n c o n s i s t e n t  w i t h  
h i s  model o f  fema le  f u n c t i o n i n g .
F l e r k o  (1968)  sugg es ts  t h a t  t h e  a n t e r i o r  hypo tha lamus is  i n v o lv e d  
in  t h e  f i n e  r e g u l a t i o n  o f  FSH s e c r e t i o n .  He p r e s e n t s  h i s  v iew t h a t  
v a r i a t i o n s  in  hormone le v e l  in  t h e  b lo o d  a re  what  t r i g g e r  t h e  su rge  o f  
LH necessary  f o r  o v u l a t i o n .  I f  t h i s  i s  c o r r e c t  and t h e  a r c u a t e  n u c l e iI
do have hormone s e n s i t i v e  r e c e p t o r s  th e n  t h e  excess  o f  e s t r o g e n  and
p r o g e s te r o n e  i n j e c t e d  in  p r im in g  c o u ld  cause th e  r e s t o r a t i o n  o f  e s t r u s .
A p o s s i b l e  e x p l a n a t i o n  would  be t h a t  t h e  p r e o p t i c  a rea  i s  necessa ry  t o  
d e t e c t  endogenous hormone s t i m u l a t i o n  ( v a r i a t i o n  in  b lood  l e v e l s )  b u t  
t h a t  exogenous s t i m u l a t i o n  is  s u f f i c i e n t  t o  work d i r e c t l y  on t h e  a r c u a te  
n u c l e i .  McEwen, e t  a l . ,  (1970a and b)  found t h a t  t h e r e  was c o n s i d e r a b l e  
up take  o f  e s t r a d i o l  in  t h i s  gene ra l  a rea  o f  t h e  hy po tha lam us .
H iq h e r  NeuraI  C o n t r o l
The h y p o t h e s i s  t h a t  t h e  med ia l  amygdala i s  t h e  a rea  i n d i c a t e d  in  
B a r r a c I o u g h f s model as " h i g h e r  n e u ra l  c o n t r o l "  was a l s o  s u p p o r te d .
Those a n im a ls  l e s io n e d  o n l y  in  t h e  amygdala d i s p la y e d  i r r e g u l a r  c y c l i n g  
d u r i n g  t h e  f i r s t  t e s t  p e r i o d .  A l l  s u b j e c t s  wh ich had AMYG l e s io n s  showed 
a s i g n i f i c a n t  i n c re a s e  in  m oun t ing  b e h a v io r .  Sexual  a b b e r r a t i o n s  have 
been r e p o r t e d  a f t e r  amygdala a b l a t i o n  (Green,  e t  a I . ,  1957; S c h r e i n e r  
and K l i n g ,  1953; T e r z ia n  and O re ,  1955) .  T h i s  in c re a s e  lends s u p p o r t  
t o  t h e  idea t h a t  e i t h e r  t h e  d i f f e r e n c e s  between males and fema les  t h a t  
u s u a l l y  i n h i b i t  o r  f a c i l i t a t e  sexua l  b e h a v io r  may be less  im p o r t a n t  t o  
an an imal w i t h  an amygdala l e s i o n .  T h i s  c o u ld  r e s u l t  f rom  e i t h e r  p r o ­
cess in  t h e  CNS, p r o b a b l y  e x e r t i n g  i t s  i n f l u e n c e  on t h e  p r e o p t i c  a re a .  
Where t h e  s u b j e c t  had bo th  an amygdala and p r e o p t i c  l e s io n  (AMYG-POA) 
t h e  i n c re a s e  in  mount ing  was even more d r a m a t i c .  S ince  t h e  p r e o p t i c  
a rea  i s  seen as t h e  s e a t  o f  fema le  sexua l  b e h a v io r  i t  would  seem t h a t  i f  
a b l a t i o n  o f  bo th  o f  t h e s e  areas  causes an in c re a s e  in  moun t ing  t h e  amyg­
d a la  may have an i n h i b i t o r y  e f f e c t  on a g g re s s iv e  sexua l  b e h a v io r .  When 
amygdala a b l a t i o n  was coup led  w i t h  a r c u a t e  a b l a t i o n  a s i g n i f i c a n t  i n ­
c rease  was found In moun t ing  even though a r c u a t e  l e s i o n i n g  In a l l  o t h e r  
c o n d i t i o n s  caused o v e r - a l l  s i g n i f i c a n t  dec rease .  However,  a f t e r  p r im in g
t
t h e r e  was a s i g n i f i c a n t  d i f f e r e n c e  in  l o r d o s i s  q u o t i e n t  between t h e  AMYG,
AMYG-POA and SHAM g roup s .  The s u b j e c t s  in  th e s e  groups a l s o  had a s i g ­
n i f i c a n t l y  lower. I n c id e n c e  o f  v a g in a l  p l u g s .  These da ta  s ugg es t  t h a t  
t h e s e  an im a ls  may be more r e a c t i v e  and s e n s i t i v e  t o  th e  s t im u lu s  male 
c a u s in g  some decrement  in  r e c e p t i v i t y .  P r im in g  b r o u g h t  a l l  t hos e  a n i ­
mals  i n t o  e s t r u s  t h a t  had amygdala le s io n s  e x c e p t  th e  ones t h a t  a l s o  had 
a r c u a t e  a b l a t i o n .  T h i s  i n d i c a t e s  t h a t  t h e  amygdala i s  i n v o lv e d  in  t h e  
c o n t r o l  o f  t h e  fema le  c y c l e .  Because some a n im a ls  w i t h  o n l y  amygdala 
le s io n s  d i s p la y e d  i r r e g u l a r  c y c le s  i t  i s  sugges ted  t h a t  t h e  t i m i n g  o f  
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